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is rotatable in the shield assembly body portion such that the 
second portion of the cutting head is engageable With the 
bone and operative to remove portions of the bone. The 
guideWire is installed in the knee so that it extends along the 
length to be occupied by a graft ligament. The guideWire and 
router assembly are ?exible so that the bone-trimming 
operation may be conducted dynamically as the knee is 
moved through a range of natural motions. 
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APPARATUS AND METHOD FOR 
RECONSTRUCTING LIGAMENTS 

FIELD OF THE INVENTION 

[0001] This invention relates to medical apparatus and 
methods in general, and more particularly to apparatus and 
methods for reconstructing ligaments. 

BACKGROUND OF THE INVENTION 

[0002] Ligaments are tough bands of tissue Which serve to 
connect the articular extremities of bones, or to support or 
retain organs in place Within the body. Ligaments are 
typically composed of coarse bundles of dense White ?brous 
tissue Which are disposed in a parallel or closely interlaced 
manner, With the ?brous tissue being pliant and ?exible, but 
not extensible. 

[0003] In many cases, ligaments are torn or ruptured as a 
result of accidents. As a result, various procedures have been 
developed to repair or replace such damaged ligaments. 

[0004] For example, in the human knee, the anterior and 
posterior cruciate ligaments (i.e., the ACL and PCL) extend 
betWeen the top end of the tibia and the bottom end of the 
femur. The ACL and PCL cooperate, together With other 
ligaments and soft tissue, to provide both static and dynamic 
stability to the knee. Often, the anterior cruciate ligament 
(i.e., the ACL) is ruptured or torn as a result of, for example, 
a sports-related injury. Consequently, various surgical pro 
cedures have been developed for reconstructing the ACL so 
as to restore normal function to the knee. 

[0005] In many instances, the ACL may be reconstructed 
by replacing the ruptured ACL With a synthetic or harvested 
graft ligament. More particularly, With such procedures, 
bone tunnels are typically formed in the top end of the tibia 
and the bottom end of the femur, With one end of the graft 
ligament being positioned in the femoral tunnel and the 
other end of the graft ligament being positioned in the tibial 
tunnel. The tWo ends of the graft ligament are anchored in 
place in various Ways Well knoWn in the art so that the graft 
ligament extends betWeen the femur and the tibia in sub 
stantially the same Way, and With substantially the same 
function, as the original ACL. This graft ligament then 
cooperates With the surrounding anatomical structures so as 
to restore normal function to the knee. 

[0006] It Will, of course, be appreciated that a complex 
interdependency exists betWeen the ACL and the other 
elements of the knee, e.g., the bones, the other knee liga 
ments, and other soft tissue. Consequently, it is critical that 
the craft ACL be disposed in exactly the right position 
relative to the other anatomical structures of the knee if 
normal knee function is to be restored. Correspondingly, it 
has been found that the aforementioned bone tunnels must 
be precisely positioned in the tibia and femur if successful 
reconstruction of the ACL is to be achieved. Unfortunately, 
proper positioning of these bone tunnels to satisfy isometric 
considerations can sometimes lead to anatomical con?icts 
Within the knee When the graft ACL is installed Within the 
knee. 

[0007] More particularly, the ACL normally extends 
betWeen the bottom end of the femur and the top end of the 
tibia, With the body of the ACL passing through the femur’s 
intercondylar notch and across the interior of the knee joint. 
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See, for example, FIGS. 1 and 2, Which shoW a natural ACL 
5 extending betWeen the bottom end of a femur 10 and the 
top end of a tibia 15, With the body of ACL 5 passing through 
the femur’s intercondylar notch 20. Also shoWn is a natural 
PCL 25 extending betWeen the bottom end of femur 10 and 
the top end of tibia 15. 

[0008] It is to be appreciated that the position of the 
various knee elements move relative to one another as the 
knee is ?exed through a range of natural motions. See, for 
example, FIG. 3, Which shoWs ACL 5 moving across a 40° 
arc as the knee joint is ?exed through a 140° motion. 

[0009] Due to the complex geometries of the knee, Where 
a damaged ACL is to be replaced by a graft ACL, it is critical 
that the graft ACL be connected at precisely the right 
locations on the bottom end of the femur and top end of the 
tibia. Thus, and looking noW at FIGS. 4 and 5, Where a 
damaged ACL is to be replaced by a graft ACL, the damaged 
ACL is ?rst cleared aWay and then bone tunnels 30 and 35 
are formed in the tibia and femur, respectively. The precise 
locations of these bone tunnels 30 and 35 are dictated by the 
isometric relationships of the knee. In practice, bone tunnels 
30 and 35 are formed using a surgical drill guide Which is 
keyed to certain parts of the patient’s anatomy, e.g., to the 
patient’s tibial plateau. Once bone tunnels 30 and 35 have 
been formed, the graft ACL may be installed in Ways Well 
knoWn in the art. See, for example, FIGS. 6 and 7, Which 
shoW a graft ACL 5A having one end mounted to femur 10 
and the other end mounted to tibia 15. 

[0010] Unfortunately, in some situations, proper isometric 
placement of bone tunnels 30 and 35 may cause anatomical 
con?icts Within the knee When the graft ACL is installed in 
the patient. By Way of example, and of particular interest in 
connection With the present invention, proper isometric 
placement of bone tunnels 30 and 35 may result in portions 
of the femur impinging upon the graft ACL as the knee is 
moved through its full range of natural motions. See, for 
example, FIG. 8, Which shoWs one of the femur’s condyles 
40 impinging upon a graft ACL 5A extending through the 
femur’s intercondylar notch 20; and FIG. 9, Which shoWs 
the roof the femur’s intercondylar notch impinging on the 
graft ACL 5A in the vicinity of arroW 42. 

[0011] Impingement can occur for a variety of reasons. 
For one thing, the intercondylar notch of many patients 
(particularly those Who are susceptible to rupture of the 
ACL) is frequently small to begin With. For another thing, 
the graft ACL (i.e., the synthetic or harvested graft ligament 
Which is being installed in place of the damaged natural 
ACL) is generally fairly large. 

[0012] Additionally, slight mispositioning of bone tunnels 
30 and 35 can also lead to impingement problems. 

[0013] Unfortunately, impingement of the femur on the 
graft ligament can reduce the effectiveness of the ACL 
reconstruction procedure or even cause it to fail altogether. 

[0014] Thus, When performing an ACL reconstruction 
procedure, the surgeon generally tries to ensure that there is 
suf?cient room Within the patient’s intercondylar notch to 
receive the graft ligament. This is generally done by per 
forming notchplasty, i.e., by surgically removing any 
impinging bone from the sides and/or roof of the intercondy 
lar notch. At the same time, of course, it is also important 
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that the surgeon remove no more bone than is absolutely 
necessary, so as to minimize trauma to the patient. 

[0015] Unfortunately, it is di?icult for the surgeon to 
accurately gauge the precise amount of bone that must be 
removed from the notch in order to avoid impingement. For 
one thing, the ACL reconstruction procedure is typically 
performed arthroscopically, so that the surgeon’s vieW of the 
surgical site is frequently fairly restricted. For another thing, 
the surgeon typically Will not knoW the precise space that the 
graft ACL Will occupy until the graft is actually in place; but 
at that point in the procedure, it is frequently difficult to 
insert additional bone-cutting instruments into the joint so as 
to remove more bone, particularly Without cutting the graft 
ACL. Furthermore, experience has shoWn that the most 
serious problems With impingement occur superiorly; but 
even With the graft ligament in place, the surgeon is gener 
ally unable to see impingement at this location due to 
limitations in arthroscopic visualiZation. Also, the surgeon 
typically performs the ACL reconstruction procedure in a 
relatively static context, i.e., With the knee being relatively 
stationary at any given moment during the reconstruction 
procedure. HoWever, the knee must perform (and impinge 
ment must be avoided) in a relatively dynamic context, i.e., 
as the knee is moved throughout a full range of natural 
motions. This complicates the surgeon’s task of eliminating 
impingement. 

OBJECTS OF THE INVENTION 

[0016] Accordingly, one object of the present invention is 
to provide improved apparatus for reconstructing a ligament. 

[0017] Another object of the present invention is to pro 
vide improved apparatus for reconstructing an anterior cru 
ciate ligament (ACL). 
[0018] And another object of the present invention is to 
provide improved apparatus for quickly, easily and reliably 
eliminating impingement problems When reconstructing an 
anterior cruciate ligament. 

[0019] Still another object of the present invention is to 
provide improved apparatus for quickly, easily and reliably 
removing any anatomical structures (e.g., bone) Which Will 
con?ict With the location of a graft ACL at the completion 
of an ACL reconstruction procedure. 

[0020] Yet another object of the present invention is to 
provide improved apparatus for quickly, easily and reliably 
removing any anatomical structures (e.g., bone) Which Will 
con?ict With the location of a graft ACL as the knee is 
moved through a full range of natural motions. 

[0021] And an object of the present invention is to provide 
an improved method for reconstructing a ligament. 

[0022] Another object of the present invention is to pro 
vide an improved method for reconstructing an anterior 
cruciate ligament (ACL). 

[0023] And another object of the present invention is to 
provide an improved method for quickly, easily and reliably 
eliminating impingement problems When reconstructing an 
anterior cruciate ligament. 

[0024] Still another object of the present invention is to 
provide an improved method for quickly, easily and reliably 
removing any anatomical structures (e.g., bone) Which Will 
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con?ict With the location of a graft ACL at the completion 
of an ACL reconstruction procedure. 

[0025] Yet another object of the present invention is to 
provide an improved method for quickly, easily and reliably 
removing any anatomical structures (e.g., bone) Which Will 
con?ict With the location of a graft ACL as the knee is 
moved through a full range of natural motions. 

SUMMARY OF THE INVENTION 

[0026] These and other objects are addressed by the 
present invention, Which comprises the provision and use of 
novel apparatus for removing impinging bone during a 
ligament reconstruction procedure. 

[0027] In one preferred form of the invention, the novel 
apparatus comprises a guideWire and a router assembly. 

[0028] The guideWire is similar to other guideWires of the 
sort Well knoWn in the art, except that it is preferably formed 
out of a pseudoelastic material, i.e., a “shape memory alloy 
(SMA)/stress induced martensite (SIM)” material such as 
Nitinol. 

[0029] The router assembly comprises a cannulated router 
device and a shield assembly. The cannulated router device 
comprises a cannulated cutting head Which is attached to a 
cannulated shaft. The shield assembly comprises a body and 
a hood. The body includes a hole therein. The hood extends 
about one end of the body. The router assembly is assembled 
so that the router device has its cutting head disposed at one 
end of the shield assembly’s body and the router device has 
its shaft extending through the hole in the shield assembly’s 
body. The shield assembly’s hood covers a ?rst portion of 
the router device’s cutting head While leaving a second 
portion of the cutting head exposed. 

[0030] The guideWire is deployed in the body so that it 
extends along the length Where the graft ACL Will reside. 
The,router assembly is mounted on the guideWire by passing 
the guideWire through the router device’s shaft and cutting 
head, such that the router assembly is movable along the 
guideWire. The router device’s shaft is rotatable in the shield 
assembly such that the cutting head can be turned so as to 
remove bone While the router assembly is riding on the 
guideWire. Portions of the router assembly engaging the 
guideWire are formed so as to be ?exible. On account of the 
fact that both the guideWire and portions of the router 
assembly are formed so as to be ?exible, the router assembly 
can be used to remove impinging bone as the knee is ?exed 
through a full range of natural motions. 

[0031] In accordance With another form of the invention, 
there is provided alternative apparatus for removing imping 
ing bone, the alternative apparatus comprising a guideWire 
and a cannulated router device. Again, the guideWire is 
preferably formed out of a pseudoelastic material. The 
cannulated router device comprises a cannulated cutting 
head Which is attached to a cannulated shaft. In this embodi 
ment of the invention, the cutting head is devoid of cutting 
means on a ?rst portion of the periphery thereof and is 
provided With cutting means on a second portion of the 
periphery thereof. The second portion of the cutting head is 
engageable With the impinging bone portions Which are to 
be removed. 

[0032] Again, the guideWire is deployed in the body so 
that it extends along the length Where the graft ACL Will 
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reside. The router device is mounted on the guideWire by 
passing the guideWire through the router device’s shaft and 
cutting head, such that the router device is movable on the 
guideWire. The router device is rotatably movable in an 
oscillating fashion such that the cutting head’s second 
portion moves in alternating opposite directions across the 
impinging bone to remove portions thereof. The ?rst portion 
of the cutting head is smooth and non-destructive With 
respect to any anatomical structures Which the ?rst portion 
may come into contact With. Portions of the router device 
engaging the guideWire are formed so as to be ?exible. On 
account of the fact that both the guideWire and portions of 
the router device are formed so as to be ?exible, the router 
device can be used to remove impinging bone as the knee is 
?exed through a full range of natural motions. 

[0033] In accordance With another form of the invention, 
there is provided alternative apparatus for removing imping 
ing bone, the alternative apparatus comprising a guideWire 
and a cannulated router device. Again, the guideWire is 
preferably formed out of a pseudoelastic material. The 
cannulated router device comprises a cannulated cutting 
head Which is attached to a cannulated shaft. In this embodi 
ment of the invention, the cutting head is adapted to cut bone 
Which comes into contact With the cutting head, but to leave 
unharmed soft tissue Which comes into contact With the 
cutting head. 

[0034] Again, the guideWire is deployed in the body so 
that it extends along the length Where the ACL graft Will 
reside. The router device is mounted on the guideWire by 
passing the guideWire through the router device’s shaft and 
cutting head, such that the router device is movable on the 
guideWire. The router device is rotatably movable on the 
guideWire so as to cut aWay impinging bone. Again, portions 
of the router device engaging the guideWire are formed so as 
to be ?exible. On account of the fact that both the guideWire 
and portions of the router device are formed so as to be 
?exible, the router device can be used to remove impinging 
bone as the knee is ?exed through a full range of natural 
motions. 

[0035] In accordance With another form of the invention, 
there is provided apparatus for marking portions of imping 
ing bone Which are to be thereafter removed, the apparatus 
comprising a guideWire and a cannulated marking device. 
Again, the guideWire is preferably formed out of a pseu 
doelastic material. The cannulated marking device com 
prises a cannulated marker head attached to a cannulated 
shaft. 

[0036] Again, the guideWire is deployed in the body so 
that it extends along the length Where the graft ACL Will 
reside. The marking device is mounted on the guideWire by 
passing the guideWire through the marking device’s shaft 
and marking head, such that the marking head is movable on 
the guideWire. The marking head is adapted to hold a dye 
and to release that dye upon contact With bone, Whereby to 
mark the impinging portions of the bone proximate to the 
guideWire as the marking head moves on the guideWire. 
Portions of the marking device engaging the guideWire are 
formed so as to be ?exible. On account of the fact that both 
the guideWire and portions of the marking device are formed 
so as to be ?exible, the marking device can be used to mark 
impinging bone as the knee is ?exed through a full range of 
natural motions. 
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[0037] In accordance With a further feature of the inven 
tion, there is provided a method for removing impinging 
portions of bone, the method comprising the steps of pro 
viding a ?exible guideWire and a ?exible cannulated router 
device. The guideWire is anchored in the bone so that it 
extends along the length Where the graft ACL Will reside, 
and the cannulated router device is rotatably mounted on the 
guideWire so that it is movable on the guideWire. Then the 
cannulated router device is rotated on the guideWire as the 
knee is ?exed through a range of natural motions so as to 
dynamically remove impinging bone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] These and other objects and features of the present 
invention Will be more fully disclosed or rendered obvious 
by the folloWing detailed description of the preferred 
embodiments of the invention, Which are to be considered 
together With the accompanying draWings Wherein like 
numbers refer to like parts and further Wherein: 

[0039] FIG. 1 is a schematic front vieW of a normal knee, 
Where the leg is substantially straight; 

[0040] FIG. 2 is a schematic side vieW, partially in sec 
tion, of the knee shoWn in FIG. 1; 

[0041] FIG. 3 is a schematic side vieW, shoWing hoW the 
ACL moves about Within the knee joint as the knee is ?exed 
through a range of natural motions; 

[0042] FIG. 4 is a schematic front vieW of a knee, Where 
the knee is bent at approximately a 90° angle, and Where a 
damaged ACL has been removed and bone tunnels have 
been formed in the tibia and the femur; 

[0043] FIG. 5 is a schematic side vieW of the knee shoWn 
in FIG. 4; 

[0044] FIG. 6 is a schematic front vieW of a knee, Where 
the knee is bent at approximately a 90° angle, shoWing a 
graft ACL installed in the knee; 

[0045] FIG. 7 is a schematic side vieW of the knee shoWn 
is FIG. 6; 

[0046] FIG. 8 is a schematic front vieW shoWing hoW 
portions of the femur can impinge upon a craft ACL; 

[0047] FIG. 9 is a schematic side vieW shoWing hoW 
portions of the femur can impinge upon a graft ACL; 

[0048] FIG. 10 is a schematic side vieW of the guideWire 
used in connection With the present invention; 

[0049] FIG. 11 is a schematic perspective vieW shoWing 
one form of router assembly formed in accordance With the 
present invention; 

[0050] FIG. 12 is a schematic perspective vieW of the 
router assembly’s cannulated router device; 

[0051] FIG. 13 is a schematic side vieW, in section, of the 
cannulated router device shoWn in FIG. 12; 

[0052] FIG. 14 is a schematic side vieW, in section, of a 
portion of the router assembly’s shield assembly; 

[0053] FIG. 15 is a schematic perspective vieW of the 
shield assembly’s collar; 

[0054] FIG. 16 is a schematic side vieW, in section, of the 
router assembly shoWn in FIG. 11; 












